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Related Reaction Deliverables

¥MODerive optical potentials using parallel coupled-
channel reaction codeEO

¥ OUs&Chchannel wave functio,ns for direct and semi-
direct (,g) capture processes.O



Year 4 Progress Report for ELPsS

¥ Fitted! -dependent WS (incl. SOMP4o elasticS-matriX%Zr(n,n) using IMAGO

¥ Computed S-matrix from non-local potential using Faegce 10-4deV

Bl Non-local potential computed by JIVE from a Fe&&Shoomputation ofZr(n,n) for RPA
states < 4MeV(l. Thompson talk)

¥ Compared elastsratt toKoningDelaroche potential and experimental data

¥ Computed Direct Capture cross section using Fre<oopodofor
B Non-local potential (NLP)
B NLPOBLP
Bl KoningDelaroche OMP

¥ Collaboration with I. ThompsonNG@bre J. Escher (and R. Mackintosh)
¥ No high-performance computing required for ELP fitting alone.

¥ Wrote scripts for automatic generation of Non-pot&and their S-matrices



Why Equivalent Local Potential (ELP)?

¥Local potentials needed to run legacy reaction codes.
¥LocalOMPsre a deliverable of UNERHDAC

¥But, solutions to scattering on Non-Local potentials can
be be found (e.g. N. Michel, arXiv:0812.23@}-1H)

¥ Theory says optical potentials are non-local.




OMP(r ) fitted to elastic S-mat. by IMAGO

V() V() + (" DV )
Voup(F) = Vge(r) +1W,, (1) o
V() =Veenralr) +VSO(r)'S#i ~ For Wigner and Majorana.

| '] As many as 8 funcOditted
WRe(r) = WCentraI(r) +WSO(r)S#I B

Neutron spin ! explicit, and spin-orbit potential included
W) Enables fits to the (computed) analyzing power

Fitting strategy: 1) Find the best fit for Wigner Central (real and imag.) potential
2) Starting with 1) add Wigner S.O. and re-fit
3) Starting with 2) add Majorana potential and re-fit, if necessary.
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Scatt. cross section (mb/sr)

Experiment vs. Theory
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ELP Energy dependence 35,36,40
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ELP Energy Dependence 35,36,40

W tm Spin—0rbit 1 _W-lm Spin—0rbit
~0.2 4 T |
: » ]
M Imag Centra -M Imag Centra
) ) Y :‘F"”. Orbit ) 1 M Ar j:'—,[;;i['f\_ﬂ.‘( t

" ~ X - - Y T
2 4 6 8 C ' ‘
4 (o) 8

MeV




Volume Integral [ MeV fmA3 ]

Real Central Potential Volume Integrals of Koning-Delaroche OMP and
of Imago Fixed-Energy Fit to SME from Non-Local Potentials
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The physics is in the radial integrals of the
electromagnetic operators
¥ For each final state, calculate:

/ Electromagnetic operator

I;z:fd’" uf(r)QL(r)l/ji(r)

Bound final state Continuum initial state

¥ Solve single-particle Schrodinger equation to get initial, final states

¥ Cross section is a bilinear combination of these integrals

L'* 7L
dOn,y /dg = Sf Ecii’LL’fk]ﬁ' ] ZBC(COSH)
il LL'k
¥ The spectroscopic fact8is a measure of the amount of the simple configuratiothe
actual final state. It may be calculated or gotten from stripping experimentsaéyth as (



DC 29Zr(n, ") computation at 40

KD, fitted, NL potentials; Fresco (D

ELP: 0.00148
KD : 0.00142
NLP: 0.00154
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Two interfering terms in direct-semidirect capture

Projectile radiates and is
captured into a well

;F‘——:——-‘—'/ 74 i
[ | A
E e

. USRS

TVIRECT | . : . :
Sais \, 1) Projectile excites giant dipole resonance
L &DK 7 and is captured;
'\ & 7 3\ s . . .
'Y ] - | | 2) Giant dipole collapses and emits the
N U =7 . ! gamma ray
4 =
S5EMIDIRECT
Effective radial L 1 1
| ' : Qr=q,7v" + ; - By (r)
electromagnetic operator: E, ~E e +iT'/2 E y+E o) L ¥

/

direct semidirect



Direct capture vs. DSD via GDR

DC vs DSD on Zr-90 Computed by Cupido Using KD OMP
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Year 5

¥Improve agreement between computed S-matrix elements
and experimental data.

¥Compute SD capture via GDR (use RPA excited states to
model GDR).

¥ Think of ways to model statistical fluctuation effects.
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Year 4 Progress Report

¥Year 4 Deliverables:
PlOExtend and apply the KKM model to doorway statesO

¥Year 4 Accomplishments:
Bl Prototyped doorway states on 1 CPU

BlIntroduced energy dependence into KKM expressions
¥ Prototyped energy dependence in KKM and doorways.

¥ Parallel code in development relies on an Oensaigelesdlvenf
complex symmetric matrices (K. Roche).

¥Potentially useful computational tools:

¥ Parallekigensolvefor large sets of complex symmetric matrices
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Energy dependence (KKM Subtraction)

Subtract from both sides:

1 1
(E" Hep  )P# =Hpo— " —Hoot "Hpg =
i "E"Hy O Meo g Hoo +il /12 or
_ 1 _ t
n opt Kawai, Kerman, and McV
(E H (E))P# VPQ(E) E"H VQP(E)# Af\ln.aof Piysé75?156 (Cl9(;¥3)
4 ) Q ¢
I
Lorentzian weight function width .
e >
E E

This made the algorithm of M. Schwartz unsuitable for computation of energy
averages since it assumes E = E The algorithm was modified in the parallel code.

1 9/94(E)9:q(E) -
T 0/~cq c'q
o4 / ESE (E) can now be energy averaged at E

q

T2 (E)




KKM extended to intermediate structure

Feshbach, Kerman, and Lemmer Q
Ann. of Phys. 41, 230 (1967)

________________________________________________

P : d > 0] '
T=T"+T"(E) , e ’
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Tfluct(E) T i& $Cq(E)$C'q(E) B OintermediateO structure
cc 2 # E 04" (E) : Bl Finer than OgrossO, but
q q coarser than OfineO structure
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Preliminary results for doorways

ng =: 440, 840 NB. # of compound levels!
nd =: 60 NB. # of doorway states!
strengthpd : 0.05 0.005 NB. average coupling strength H_PD!

strengthdq : 0.01 0.001 NB. average coupling strength H_DQ!
nc =: 20 NB. # of channels!
ne =: 10 NB. # of energy grid points!
radius =: 5. NB. radius of interaction!
nr=:5 NB. # of radial points in
Elow =: 1.0 NB. low end of the energy range!
Ehigh =:2.0 NB. high end of the energy range!
i =:0.05 NB. energy averaging interval!
Echan_high =:1.0 NB. nc equidistant channel
thresholds from O to Echan_high !
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Year 4,5 plans

¥Year 4

Bl Complete parallel KKM with energy dependence
Bl Test approximations in derivation of KKM (H.F.) cross sections

AYear 5
B The same for doorways



